Abstract: This paper reviews the recent literature on public infrastructure and economic productivity, with special attention to the particular case of highway infrastructure. Recent evidence suggests that, at the margin, highway infrastructure contributes little to state or national productivity. This is consistent with studies that show relatively small land use impacts from modem highways. Yet the idea that highways erahance economic health is common in the policy and planning communities. Two explanations can help reconcile this divergence between academic research and popular perception. First, some of the economic development observed near highways might not actually be caused by the highway. Second, some of the economic development near highways might be a shift of economic activity away from other areas. Either explanation suggests the need for reforms in highway project analysis and funding. Appropriate policy reforms and directions for future research are suggested.
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Are highways economically productive? Recent research gives what appears to be an embarrassingly large number of answers, ranging from an enthusiastic "yes" to an emphatic "no". If the answer were only of interest within the scholarly community, the lack of consensus would be little more than an opportune source of research projects. Yet the effects of highway infrastructure are of great importance to the policy community, and it is here that one would wish to forge a consensus from a large and seemingly inconsistent literature. That consensus can be found, and its implications for highway project analysis and finance might surprise some within the transportation planning community.
I. Background: The Productivity Crisis and Production Function Studies of Public Capital
The recent debate on highway capital has been part of a larger debate on the economic impacts of aI1 public capital. That debate hinged, at least in part, on learning what caused the slowdown in American productivity growth that began in the early 1970s.
Productivity is the sum of the value of all goods and services produced in a nation or region divided by a measure of inputs. Labor productivity is output per worker or per hours worked; capital productivity is output divided by the value of machinery and other capital investments. Multi-factor (or total factor) productivity is the residual obtained by subtracting from output growth that portion that can be attributed to growth in the amounts of labor and capital inputs. Multi-factor productivity is interpreted as output growth that is a result of technical or management innovations. (For a discussion, see Murmell 1990b, pp. 4-6.) U.S. labor productivity grew at an annual average of 2.5% from 1948 through 1969 and 1.1% from 1969 through 1987 (Munnell 1990b; Krugman 1990, chapter 1) . This slowdown is important because a nation's standard of living is fundamentally linked to its labor productivity. To a close approximation, nations can only grow wealthier (on a per capita basis) if their workers become more productive (i.e. there is an increase in labor productivity) or if they borrow. The borrowing can either be from future generations, in the form of government budget deficits, or from foreign countries, in the form of trade deficits.
While both budget and trade deficits can have useful policy applications, few economists believe that large deficits in either area, if sustained over a period of time, are compatible with robust economic growth. Thus the only sure way to increase per capita wealth in the long run is to increase productivity (Krugman 1990, chapter 1; Krugman 1994, pp. 3-4) .
The slowdown in American productivity growth in the early 1970s thus meant that the nation was growing wealthy less slowly. This was especially bothersome compared with the more robust growth of the earlier two decades. The serious implications of the lower rates of productivity growth gave rise to a sense that there was a "productivity crisis" --a crisis that scholars sought to explain in hopes of finding policy solutions for the problem.
Several authors examined possible sources of slower U.S. productivity growth. (See, Cog. Baily 1981; Baily and Chakrabarti 1985; Baily and Gordon 1988; Denison 1979; Denison 1985; Griliches 1988; Griliches 1994; and Weisskopf, Bowles, and Gordon 1983.) The simplest summary of that work is that no explanation adequately accounted for the observed slowdown in productivity growth rates (Krugman 1990, chapter 1; Krugman, 1994, pp. 3-5) . This left a vacuum, which David Aschauer stepped into in the late 1980s.
II. Production Function Studies of Public Infrastructure
Aschauer (1989) suggested that a decline in U.S. public capital (or infrastructure) investment contributed to the slowdown in productivity that began sometime in the late 1960s
or early 1970s. Aschauer tested this idea with a production function study. A production function assumes that total output is related to inputs, often through a specific functional form. Aschauer modified a Cobb-Douglas production function to include public infrastructure stock. He estimated the coefficients of the production function using data on annual private sector output, labor inputs, private capital stock, and public capital stock in the United States for the years 1949 through 1985. He obtained estimates of the elasticity of private sector capital productivity with respect to public capital that were between 0.3 to 0.56. (All the estimated public capital elasticities were statistically different from zero at the 5% level or better.) In other words, a 10% change in the stock of public infrastructure would increase the productivity of private sector capital by from 3% to 5.6%. Transforming the functional form so that the dependent variable measured total factor productivity, Aschauer (1989) found elasticities of similar magnitude, and again all were statistically significant. This led him to conclude that the slowdown in productivity growth could be explained in large part by the falloff in American infrastructure investment that began in the mid-1960s. Since highways comprise 32% of all public capital (Gramlich 1994 (Gramlich , p. 1178 , the implication for ground transportation was obvious. Additional highway investment could provide a vital boost to the U°S. economy. .Aschauer's results were controversial almost from the outset, and his work spawned a 3 large number of related studies. Those studies that used production functions can be grouped into three ctasses. Several initial studies used time series data, usually for the entire United States. (See, e.g., Aschauer 1989; Attaran and AuClair 1990; Munnell 1990b) . Those time series studies typically found results similar to Aschauer's --namely large and significantly positive links between public capital and U.S. economic output or productivity. A second group of studies used panel data on U.S. states (e.g. Garcia-Mila and McGuire 1992; HoltzEakin 1994; Holtz-Eakin and Schwartz 1995a; Holtz-Eakin and Schwartz 1995b; Kelejian and Robinson 1994; Munnell 1990a ). The third group of studies (some of which predated Aschauer's influential 1989 paper) used data on a panel of UoS. metropolitan areas (Deno 1988; Duffy-Deno and Eberts 1991; Eberts 1986 ).
and productivity is discussed in Gramlich (1994) .
The economic literature on public capital
For that reason, the discussion here (and especially in later sections) will focus on interpreting the literature in ways that are relevant to the specific case of highway policy.
A. All Public Capital or Only Highway Capital?
Most production function studies focus on all public capital, yet that is not a large problem for those concerned only about the impacts of highway infrastructure. As mentioned earlier, in 1991, highway infrastructure was 32% of all non-military public capital in the United States (Gramlich 1994 (Gramlich , p. 1178 Thus highway capital is a large part public capital, and Gramlich (1994) builds a strong argument that trends in the nation's total infrastructure stock are driven in large part by changes in highway and education spending.
More importantly, many authors tested the effects of different types of public capital.
Often that involved looking only at highway capital, and other times that involved using a measure of "core" infrastructure. Depending on the study, core infrastructure included some or all of streets and highways, airports, mass transit infrastructure, electric and gas facilities, water and sewer systems, and education infrastructure.1 Generally, the empirical results of arty particular study do not vary depending on whether all infrastructure, core, or only highway infrastructure are used as an independent variable. In cases where there is a difference, highway capital tends to have a larger effect on productivity than other categories of public infrastructure (U.S. Department of Transportation 1992a). The evidence from studies of all public capital will be summarized, and evidence on the effect of only highways will be mentioned for those studies that included that measure.
Aschauer's work generated a large amount of criticism. The earliest complaints focused on the magnitude of the estimated public capital elasticities. Some analysts found those effects simply too good (or too large) to be true (Aaron 1990, pp. 52-53) .
specifically, some author's questioned whether the time series results were due to a statistical phenomenon known as unit roots.
For studies that include highways in core infrastructure, see Aschauer 1989; HoltzEakin 1994; Kelejian and Robinson 1994 . For studies that give separate estimates for highway infrastructure, see Aschauer 1989; Deno 1988; Garcia-Mila and McGuire 1992; Garcia-Mila, McGuire, and Porter 1996; Munnell 1990a ; and U.So Department of Transportation 1992a for a discussion.
B. Unit Root Problems with Time Series Studies of Public Irffrastrucmre
Time series have unit roots if they display a consistent growth trend. (For a more formal discussion, see Davidson and MacKinnon, 1993, pp. 669-673.) Most macroeconomic time series, including output levels and public capital stocks, have trended upward since World War II. This common trend in both the output and public capital time series can lead to spurious correlations (Granger and Newbold 1974; Granger and Newbold 1986 ). The implication is that regression analysis wiI1 find potentially strong correlations between series even when no actual relationship exists; the series simply follow a common trend (Davidson and MacKinnon 1993, pp. 669-673) . Formal tests for spurious correlations exist, and some rely on testing for the presence or absence of unit roots in the time series data (Davidson and MacKirmon, 1993, chapter 20) . Jorgenson (1991) suggested that the time-series evidence on public capital might the result of spurious correlations. Tatom (1991) tested for unit roots in the time series production function regressions of output on pubtic capital stock. He found that unit root problems were present, and could be corrected by taking the first difference of the equation.
Simply put, this involves regressing changes in the dependent variable on changes in the independent variables, rather than using the levels of all variables. Once the appropriate correction was made, Tatom (1991) found no relationship between public capital and private sector economic output or productivity. Aaron (1990) and Kelejian and Robinson (I994) found no statistically significant relationship between public capital and productivity when estimating first differenced regressions.
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C. State and Metropolitan Area Studies
Other authors noted that the problem of spurious correlation could be overcome by relyhlg less heavily on time series data. In particular, since 86 % of all non-military public capital is owned by state and local governments (Gramlich 1994 , Table 1 , p. 1178), variation in infrastructure spending across states can be used to test the link to economic output. This cross-state variation has the advantage that it is not subject to the general macroeconomic trends that drive the time series output data, productivity data, and public capital data. Thus cross-state data can help alleviate the problem of spurious correlations caused by common trends in the time series data. (For a similar argument, see Holtz-Eakin 1994, p. 12.) Furthermore, the time series data can be sensitive to one or two turning points, or influential years (Aaron 1990) , giving another reason why the additional information from cross-state data is desirable.
Munnell (1990a) first developed public capital stock estimates for U.S° states. HoltzEakin (1993b) later suggested revised estimates for state public capital. Munnell (1990a) estflnated a production function on pooled time-series cross-section data on states. GarciaMila and McGuire (i992) used a similar technique. Both found significantly positive productivity effects from public capital. Yet in both studies, the magnitude of the coefficient on the public capital variable was considerably smaller than in the time series studies. This result was unchanged when both studies separated highway infrastructure from other public capital.
The size and significance of the public capital elasticity in cross-state studies was 7 consistent with the pattern from earlier studies that used data from metropolitan areas (Duffy- Deno and Eberts 1991; Eberts 1986 ). Those studies found that infrastructure contributed to output with an estimated elasticity of 0.03 (Eberts 1986 ) and that infrastructure contributed total personal income with an elasticity of 0.08 (Duff-y-Deno and Eberts 1991).
Overall, the magnitude of any public capital effect seemed to get smaller with smaller geographic observations. The national studies usually yielded the largest infrastructure elasticities, while state and metropolitan area studies gave much smaller estimates. This prompted Murmell (1992) to suggest that public capital has cross-state spillovers which are not adequately captured with state or metropolitan data.
D. Positive Spillovers from Public Infrastructure
Munnell (1992) suggested that the smaller magnitude of the public infrastructure elasticity in state and metropolitan area studies could be explained by positive cross-state spillovers. She suggested that some of the productive effects of public capital might spillover across state borders, and thus state studies do not measure the full effect of infrastructure (Munnell 1992, p. 193-194) .
Holtz-Eakin and Schwartz (1995b) explicitly tested whether state highway capital creates positive spillovers. They found no evidence for Murmell's hypothesis that public capital creates positive cross-state spillovers. While the idea of cross-state spillovers might have been attractive, it did not stand up to empirical testing. This is consistent with evidence reported in Gramlich (1990, p. 181 ) that on federal Interstate Highways in six selected states, two-thirds of all drivers were on within-state trips.
E. Controlling for Unique State Effects
The early cross-state studies (Murmell 1990a; Garcia-Mila and McGuire 1992) did not controI for unique state effects which might influence both economic output and public capital. Some states might be wealthy for reasons that are difficult to quantify with available data. Those might be the same states that have large public capital stocks. In other words, cross-state data, by itself, does not eliminate the possibility that the correlation is not causal.
Cross-state data simply changes the nature of the econometric problem (and the solution).
Since both state output and state capital stocks might be related to unique and unobservable state characteristics (e.g. state business climate), the most appropriate regression specification is to include unique state effects (Eisner 1991; Evans and Karras 1994a; Holtz-Eakin 1994; Garcia-Mila, McGuire, and Porter 1996) . Those state effects can take the form of a dummy variable for each state or a component of the regression error term that is unique to each state. Of course, one needs panel data to estimate such a model, since the dataset must have more observations than there are states.
Holtz-Eakin's work is representative of the studies that used panel data. Holtz-Eakin (I994) estimated a production function with panel data on U.S. states from 1969 through 1986. He included state effects, both as dummy variables (known as fixed effects estimation) and as a component of the error term (random effects estimation). To control for the business cycle, he also included time trends or year dummy variables in various regression specifications. Holtz-Eakin (1994) found that the effect of public capital was not significantly different from zero in any of the specifications that included state and time effects. This result was unchanged when a measure of core infrastructure that included highways was used as an independent variable. Holtz-Eakin and Schwartz (1995b) later showed that highway infrastructure is insignificant in a production function that controls for state and time effects.
These results are consistent with the work of Eisner (1991) , Evans and Karras (1994a) , Garcia-Mila, McGuire and Porter (1996) , and Kelejian and Robinson (1994) .
those studies found that public capital is not statistically significant in state production functions when state effects, year effects, and other appropriate econometric techniques are used. Using a similar panel methodology for seven countries for the years 1963 through 1988, Evans and Karras (1994b) also found no statistically significant effect from public capital. Garcia-Mila, McGuire, and Porter (1996) obtained insignificant public capital elasticities when separating highway capital from other public infrastructure in a panel study, and Kelejian and Robinson (1994) got the same result when using a measure of core infrastructure that included highways. This is also consistent with earlier work by Schwab (1984, 1991) who used a "sources of growth" framework rather than a production function methodology.
Sources of growth apportions output growth to changes in private inputs and changes in multi-factor productivity. In this framework, multi-factor productivity includes both public capital growth and technological change. Schwab (1984, 1991) found that interregional differences in growth rates in the U.S. are largely explained by differences in the growth of private capital and labor inputs in those regions. They concluded that differential investments in public capital had little to do with differences in growth rates across U.S. regions.
F. Endogeneity and the use of Aggregate Data
A regression analysis of a national, state, or metropolitan area production function uses a measure of output (or output divided by inputs) as the dependent variable, with measure of public capital stock as an independent variable. This raises an important specification issue, since the capital stock must be exogenous to the economy for ordinary least squares (OLS) to be valid. There are two ways to get insight into this endogeneity issue. One is to test whether economic output causes public capital investment, since such reverse causality clearly violates the OLS assumptions. The second is to instrument the possibly endogenous variable (public capital) with a variable that is exogenous to the econoray. Granger (1969) proposed a causality test which involves regressing leads and lags one time series variable on another. If past values of one variable, call it x, are statistically significant in a regression of y on x, x is said to Granger cause y. (Technically, lagged values of y should also be included in the regression. See the discussion in Sims 1972.) This technique was adapted to private and public sector capital investment by Eberts and Fogarty (1987) . While their results vary based on region and time period, they generally find evidence of causality in both directions. In other words, public capital investment both causes and is caused by private capital investment. This reinforces the notion that public infrastructure is endogenous to the economy. 
G. Summary of Econometric Production Function Studies
Overall, these results cast considerable doubt on the role that public capital plays in the private sector economy. Once the appropriate econometric techniques are used, even the time series evidence usually shows no statistically significant productivity effect from public capital (Tatom I991). Later cross-state studies verify this result. When controlling for unique state and year effects, which in general is the preferred approach, recent studies fred no statistically significant effect from public infrastructure (Evans and Karras 1994a; GarciaMila, McGuire, and Porter 1996; Holtz-Eakin 1994; Kelejian and Robinson 1994) . These results are the same when only highway capital is used as an independent variable (HoltzEakin and Schwartz 1995b).
The metropolitan area studies have not been adjusted to control for unique metropolitan area effects, so it is unclear if their results would be statistically significant once techniques similar to those in Evans and Karras (1994a) or Holtz-Ealdn (1994) are used.
The most reliable studies (i.e. those that control for unit roots and unique state effects) show no productive role, at the margin, for public capital. This is not to say that public capital has no impact on the private sector economy; rather it simply suggests that, in term,; of overall United States economic performance, there is no shortage. One must also note, as Holtz-Eakin (1994) explicitly has, that public capital provides user benefits above and beyond any economic impacts. New roads can move more persons or reduce travel times; sewer systems provide sanitation benefits; other public capital projects yield a host of amenities. The empirical evidence suggests that, at the margin, it is those user benefits, rather than economic impacts, which should provide the justification for expanded infrastructure investment.
Yet the criticisms of the public infrastructure literature do not end with the econometric concerns summarized above. In many ways, that is only the beginning. The first issue is that the available evidence, based on aggregate data (often at the level ,of states or the nation), cannot give any insight into the wisdom of particular projects.
Even if there were a shortage of public capital, a broad program to finance more infrastructure could include a large number of unwise projects. Many have argued that the appropriate response is not to increase infrastructure funding across the board, but rather to continue and even reinforce careful project evaluation (Gramlich I994; Holtz-Eakin 1993a; Holtz-Eakin 1993c) . To the extent that the production function research distracts attention from the analysis of individual projects, it thus diverts attention from an important policy issue.
The second point is that, if infrastructure is productive, it is because of the services that the stock of capital produces (Forkenbrock 1990; Kessides 1993) . Those services could be increased not only by building more stock, but also by using the existing stock more efficiently. Since almost all available research on public capital has measured only the value of the stock rather than the services produced by the infrastructure, the policy recommendations from that literature are likely to overlook possibilities for achieving economic gains by using the existing stock more efficiently.
This issue is especially important in the case of highways. For years scholars have argued that urban highways, especially when congested, are underpriced. (See., e.g., Keeler and Small 1977; Mohring and Harwitz 1962; Small 1983; Small, Winston and Evans 1989; Vickrey 1963.) Given that, an especially promising approach to increasing accessibility in congested urban areas is to price highways more efficiently rather than build more freeways (Downs, 1992, Chapter 4; Winston 1990 ). Again, the production function studies of public capital run the risk of diverting attention away from this important issue.
Both the project analysis and pricing criticisms contend that production function 14 research actually diverts attention away from important policy issues. In terms of congestion pricing, the point is very well taken, and there have been few if any responses that argue that pricing should be ignored for economic reasons. (On the other hand, many persons have questioned the political feasibility of congestion pricing. For various viewpoints in that discussion, see Downs 1992, Chapter 4; Small 1993; Small, Winston, and Evans 1989; and Wach:s 1994 .) Yet the issue of project analysis is more problematic.
If public capital generates cross-state or cross-region spillovers, then looking at any one project will understate the benefits of public capital. Even though Holtz-Ealdn and Schwartz (1995b) provide evidence that highway productivity benefits do not spill over across state borders, absent other corroborating evidence one might still be concerned that tradkional benefit-cost studies will not measure the full economic impact of a project. If there are productivity spillovers from highways, production function studies, since they can measure spilIovers from any one project, are actually better suited than benefit-cost analysis to study economic impacts. Thus the choice between aggregate production functions and individual project analysis depends on a clear assessment of the nature of the services provided by highway infrastructure.
IV. Highway Networks and Spillover Benefits
Highway investments create accessibility by connecting several different locations.
Since the number of destinations that can be reached is an important aspect of accessibility, highways are characterized by network externalities.
Before a network is complete, connecting additional locations increases the usefulness of the entire network. Thus a new highway in a partially built network increases the accessibility provided by all the other highways in the network. (This phenomenon is rather general, and applies to other goods provided by a network, such as telephone and airline services, and even to goods where consumption is enhanced if others also consume the good.
See, e.g., Pindyck and Rubinfeld, 1992, pp. 118-120.) Stated differently, since a new road makes the entire network more useful, the new road creates positive spillovers (in increased accessibility) throughout the network.
As a network nears completion, the strength of any network externalities from additional network construction can decrease. For highway networks, a new or improved road within an already largely complete network might create accessibility benefits within the immediate area, but there will likely be few spillover benefits throughout fine network. (For a discussion of this concept, see Giuliano 1989.) The link between accessibility and productivity impacts must be a close one, since the economic value of highway investment is in the accessibility that such investment provides (Kessides 1993 (White 1976; Wieand 1987; Yinger 1993) . While there are difficulties inherent in using land use as a measure of accessibility, the existence of a link is commonIy accepted. Giuliano (1989) summarized the literature on land use impacts of highways. She notes that those impacts, regardless of how measured, appear to be decreasing over time. In general, the studies that found sizeable impacts (e.g. Mohring 1961; Czamanski 1966) examined the first freeway constructed in a metropolitan area. Those early studies measured the impact of the first round of Interstate Highway construction, which one might expect had sizeable network externalities.
By the early 1970s, the Interstate Highway system was essentially complete. The highway building task changed from network construction to network maintenance.
Theoretically, this suggests accessibility impacts that are more locaIized to an area near the projec:t. Giuliano (1989, pp. 151-152) was explicit in suggesting that modem highway projects improve accessibility in the immediate area, rather than throughout the network.
She suggested that this explained the small and often negligible land use impacts found in more recent highway studies (e.g. Payne-Maxie Consultants 1980).
B. Implications for Empirical Work.
The implication for measurement is that, in most U.S. urban areas, there are likely to be few spillover benefits from highways beyond an immediate project area. This is consistent with Holtz-Eakin and Schwartz (1995b), who found no evidence of cross-state productivity spillovers from highway capital. Network economies were likely important in the early round of Interstate Highway building, but appear to be less important now. Given that, a focus on project analysis is important, as suggested by Gramlich (1994) and HottzEakin (1993a).
Furthermore, the evidence that suggests current highway construction produces relatively smaI1 and localized accessibility changes (Giuliano 1989) agrees with the studies that find public capital has no marginal effect on productivity or economic output. Both are consistent with the well developed infrastructure stock in the United States. It is possible, and the evidence suggests, that network economies have been exhausted and further construction of highway infrastructure will produce little additional economic gains. Yet if the evidence is consistent on this point, the policy community might be just as consistent in holding a contrary opinion.
V. Highways and Economic Growth
The idea that highways bring permanent economic benefits is a popular one. As of 1986, 36 states included an assessment of economic benefits as part of their highway benefit-cost analysis (Forkenbrock and Plazah 1986) . States such as Iowa (Forkenbrock and Foster 1990) and Minnesota (Dalton 1991; Weisbrod and Beckwith 1992) have adopted highway polMes with the explicit purpose of furthering economic development. Highway benefit-cost analyses have documented economic gains (Dalton 1991; Forkenbrock and Foster 1990; Seskin 1990 ). Lastly, a large number of studies have found that highways are a statistically significant factor in explaining growth patterns within and across U.S. metropolitan areas.
(See, e.g., Boarnet 1994; Carlhno and Mills 1987.) How can this evidence be consistent with the idea that highways are not, at the margin, economically productive?
There are several possible explanations which can reconcile the popular belief that highways bring economic benefits with the empirical evidence on infrastructure and productivity. One possibility is that highway benefit-cost analyses quote economic benefits which are exaggerated to serve political purposes. Certainly benefit-cost analyses can be manipulated, and the misuse of analytical tools has been documented in other instances involving transportation policy. (See, e.g., Kain 1990 and Pickrell 1992 regarding rail transk). Yet to explain the entire mismatch as a result of flawed benefit-cost analyses risks being overly simplistic._ Another possibility is that the local economic benefits of highway projects are based on real phenomena. Local officials see businesses and growth flocking to new highways, and in many areas such phenomena are not simply figments of some politician's imagination. As mentioned earlier, many studies have documented a link between growth patterns and highway location. Yet there are two reasons why that might not mean that highways cause economic growth.
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The first reason is the causality issue discussed earlier. Highway locations are often planned for areas where future growth is projected. Thus it might not stretch the truth to say that economic growth causes the highway, rather than vice versa° Furthermore, if highway construction during the early Interstate era did cause economic development nearby, the typically slow adjustment of residence and firm locations within urban areas could cause that growth to be observed several years later. Based on a lagged adjustment model, Cartino and Mills (i987), Grubb (1982) , and Luce (I994) estimated that urban residence and locations take from 10 to 50 years to adjust to a new equilibrium. Thus even if only the first round of Interstate Highway construction had economic impacts, the household and firm movements observed today could be an artifact of those initial impacts, rather than the result of current highway projects.
The second issue concerns the possibility that highway capital shifts economic activity from one area to another. If highways confer a production advantage on a particular location, firms can be expected to respond to that advantage by moving to that location.
Thus some of the growth that is observed near highways could be a shift of economic activity that would have occurred elsewhere (Forkenbrock and Foster 1990 ).
Stephanedes and Eagle found evidence that highways contributed to economic growth in urban Minnesota counties in part at the expense of other counties in the state Stephanedes 1990; Stephanedes and Eagle 1987) . Rephann and Isserman (1994) , when comparing counties on an Interstate Highway with those that had no Interstate, showed that only counties with some prior urbanization realized economic benefits from Interstate Highways. While Rephann and Isserman (1994) did not examine whether
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Interstates redistributed growth from non-urban counties, their evidence on geographic variation in highway benefits is consistent with the results of Stephanedes and Eagle. The evidence on redistributed growth is also consistent with the results of Boarnet's (1995b) production function study of California counties. Using data from 1969 through 1988, Boarnet (1995b) found that economic output in California counties is positively related to the amount of highway capital in the county, but negatively related to highway capital in neighboring counties.
Overall, these results suggest that some of the economic growth observed near highways could be a redistribution of growth that would have occurred elsewhere. Even if economic development near highways is not a redistribution from other locations, it might be an artifact of highway projects built years earlier.
Either of these two explanations are consistent with economic growth near highway
projects. Yet at best it would be incomplete to conclude from that growth that the highway caused the economic impacts. For example, if some of the increased economic activity is a shift from another location, economic benefits will be overstated by looking only within the immediate project area.
The question of whether or not to count economic benefits when evaluating highway projects is a crucial one. In the case of one project in Minnesota, almost half of all project benefits were permanent economic impacts (Weisbrod and Beckwith 1992) . For that project, if economic benefits are included, the benefit/cost ratio was greater than one for each of eight possible corridor enhancement alternatives. Without economic benefits, the benefit cost ratio was less than one in five of the eight cases (Weisbrod and Beckwith 1992, pp. 76-77) . Forkenbrock and Foster (i990) show that in the case of a proposed highway from St. Louis to St. Paul, including highway benefits changes the preferred route selection if one chooses the route with the highest present value of benefits minus costs. Seskin (1990) similarly shows that, for proposed highway projects in Wisconsin, Massachusetts, and Indiana, economic benefits are often estimated to be larger than the value of road user benefits. In the case of the Wisconsin project (a proposed highway from Green Bay to St. Paul Minnesota), the inclusion of economic benefits was necessary to justify the project in benefit-cost analysis (Seskin 1990 ). Forkenbrock and Foster (1990) argue that economic benefits should not be included project analysis, precisely because those benefits likely represent a shift in economic activity rather than new growth. This view is consistent with much of the evidence given above.
A full reading of the evidence on highways, productivity, and broader economic and land use impacts suggests considerable caution when evaluating highway-related economic benefits. There is ample evidence to suggest that both the accessibility and economic impacts of highways are rather localized. While the early period of Interstate Highway building might have involved considerable network externalities, the network is now built. The empirical evidence suggests that much current highway construction creates, at best, localized economic impacts.
VI. Policy Implications
The policy implications of this are several. First, as mentioned above, estimates of economic benefits from highway projects should be viewed cautiously. Second, the policy community should give more attention to the possibility that economic benefits can be better achieved by using highway infrastructure more efficiently, rather than by pouring more concrete.
Virtually all the empirical evidence summarized above examines the value of the highway capital stock, not the accessibility provided by that stock. Thus there is nothing in the above evidence that contradicts the notion that sound congestion pricing, by more efficiently using the available highway capital, can yield economic benefits. In fact, one study that included a measure of highway congestion in a production function study found that reduced congestion is associated with more economic output (Boarnet i995a). Since, Giuliano (1989) noted, building more highways often has only a small impact on network accessibility, pricing policies might be a more fruitful way to increase accessibility, and thus possibly generate economic impacts.
Third, the link between highway funding and economic benefits ought to be more closely examined. Most highway projects in the United States are funded with large federal subsidies (usually 90% of cost for Interstate projects.) To the extent that economic benefits are used to help justify some projects, this raises the specter that federal funding is being used at least in part to finance economic impacts which might be illusory or, at best, very localized. Furthermore, if localities can receive state or federal subsidies for projects that cause economic losses elsewhere, some locations might help pay for projects that will undermine economic growth in their own area. Absent any conscious decision to use highway funding to redistribute wealth, this would be inappropriate.
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When thinking about reforming the role of state and federal subsidies in highway funding, two solutions are possible. Either scale back the use of economic benefits in highway project evaluation (as discussed above and advocated by Forkenbrock and Foster 1990) or scale-back federal funding arrangements (as suggested in Gramlich 1994 ). Which solution is best is an important topic for future research.
The important point is that there should be a correspondence between the geographic incidence of highway project benefits and the geographic split of funding responsibilities.
State and federal subsidies are still appropriate for network maintenance and to pay for the benefit of moving freight and passengers throughout the state or national highway system. Yet economic benefits which are localized are best funded through local sources. 2
Federal highway funding arrangements reflect a view of highways that might have been appropriate in the early days of Interstate Highway construction. At that time there was great value in constructing the initial network, and the benefits accrued to the whole nation. Now that the network has been constructed, such that current projects often do not exhibit strong network externalities, serious thought should be given to changing funding arrangements.
One possible direction for reforming funding policy would be to expand the focus on local funding that already exists, albeit in small ways, in the Intermodal Surface Transportation and Efficiency Act of 199I (ISTEA). ISTEA increases the ability of local governments to enter into public-private highway parmerships (U.S. Department of Transportation 1992b). To the extent that such arrangements allow localities to pursue economic benefits with local funding, it is a step forward. Furthermore, to the extent that such partnerships result in peak period toll facilities, the policy of efficient highway pricing will also be furthered.
Yet the public-private provisions in ISTEA represent a small step. Federal funding for such projects can, in some cases, be as high as 80 % (U.S. Department of Transportation 19921:,). This likely reflects the thinking of an earlier era, when the network externalities of highway construction were larger. It is possible that the geograpbdc distribution of benefits from modern projects makes more local funding appropriate.
Future research should study ways to expand the public-private highway provisions of ISTEA in an attempt to encourage a close link between local economic benefit assessment and local funding. If localities wish to use highways for economic benefits, they should pay for those benefits themselves. Of course, federal and state funding should remain for network maintenance and for benefits that accrue to the nation and state.
In general, funding responsibilities should correspond to the geographic distribution of benefits. Local funds should pay for local benefits, and state or federal funds should pay for systemwide or network benefits. Since the distribution of local, state, and national benefits likely 'caries from project to project, the appropriate funding split also likely varies across projects. This suggests a move away from the standard subsidy rules of current practice. This, in turn, suggests a close link between project analysis and funding responsibilities, which will place a considerable analytical burden on project analysis. Both future research and practice should attempt to develop benefit-cost analyses that not only measure who benefits but, especially in terms of economic impacts, whether those benefits are either growth that would have occurred without the project or growth that is a shift from other areas. That assessment should then be carefully applied not only to decisions about whether to build the highway, but also to decisions about how funding responsibilities are split between federal, state, and local authorities.
VII. Conclusion
The evidence suggests that, at the margin, highway infrastructure has little effect on national or state productivity. This is consistent with evidence on land use impacts which suggests that modern highways often create only small changes in network-wide accessibility within a metropolitan area. Both the productivity and land-use studies suggest that highway building in the United States has entered a new era. The Interstate Highway system is essentially complete and, in many urban areas, the network externalities of further highway construction have been largely exhausted.
Projects that appear to generate large amounts of growth either may not actually cause that growth or may cause it in part by shifting economic activity from other areas. Both highway funding arrangements and project analysis should be examined carefully in light of that possibility.
